INTRODUCTION
Superoxide dismutase (SOD) is an enzymic scavenger of toxic oxygen radicals, which are responsible for cell damage [1] . The role of SOD in both eukaryotes and prokaryotes has been attributed its catalysis of the dismutation of superoxide radicals (02-') producing molecular oxygen and hydrogen peroxide. The enzyme exists in three different forms [2] [3] [4] . Of these, Fe-SOD is the main form that has been demonstrated in parasitic protozoa, including Leishmania spp. [5] , the causative agents for a wide spectrum of diseases ranging from cutaneous to visceral leishmaniasis [6, 7] . Plasmodium falciparum, however, contains Mn-SOD [8] . Another isoform, which uses Cu/Zn as the cofactor, was found to be present in Eimeria tenella [9] .
Cu/Zn-SOD has been reported to be localized in a microbodylike organelle, known as the peroxisome, prepared from rat liver [10,1 1] . Peroxisomes are known to contain enzymes taking part in fatty acid f-oxidation [12] and ether lipid biosynthesis [13] . In Leishmania, however, peroxisomes are not present [14] . On the other hand, a unique organelle, the glycosome, in which most of the glycolytic enzymes are compartmentalized, has been isolated from Leishmania species [15] . Glycosomes, which are also detected in the other members of the Trypanosomatidae [16] , are known to be associated with ether lipid biosynthesis, de novo pyrimidine biosynthesis and fatty acid fl-oxidation [17] , suggesting that this particular organelle may be considered as one of the members of the microbody family that includes peroxisomes and glyoxysomes [18] . In of the Cu/Zu type. Localization of superoxide dismutase in glycosomes points to the major importance of this organelle in the survival of this pathogen, suggesting a new approach towards chemotherapy for leishmaniasis.
Subcellular fractionation
Glycosomes were isolated from the light mitochondrial fraction (5250 g supernatant, prepared by differential centrifugation), which was subjected to equilibrium density gradient centrifugation in a linear sucrose gradient (30-60 %, v/v) as described [20] .
The gradient was prepared after layering equal volumes of 57 %, 50 %, 44 % and 33 % (v/v) sucrose in the buffer used to wash the cells. A 1 ml portion of 600% sucrose solution was used for cushioning. Centrifugation was conducted at 4°C for 160 min in an L7-55 Beckman ultracentrifuge (190000gay.) using a Ti-70 rotor. After centrifugation, the gradient was unloaded with a hypodermic needle attached to a peristaltic pump and the refractive index of each fraction was read in a Reichert digital refractometer.
Enzyme assay SOD activity was determined on the basis of ability of this enzyme to decrease pyrogallol autoxidation [21] . Hexokinase [22] , acid phosphatase [23] , mitochondrial ATPase [24] and glucose-6-phosphate dehydrogenase [25] activities were assayed as described previously.
Protein determination
Protein was estimated using Folin-Ciocalteu's reagent [26] after precipitation with deoxycholate and trichloroacetic acid [27] .
RESULTS AND DISCUSSION
Hexokinase, which is one of the key enzymes of the glycolytic pathway, predominantly occurs in the lower part of the gradient at a buoyant density of 1.21-1.23 g/ml (Figure 1) , where the glycosome fraction is also reported to be separated [14] . We were curious to investigate the presence of SOD in these fractions for several reasons. First, there is no convincing data for the subcellular localization of this enzyme. Secondly, several functions of that are attributed to peroxisomes in mammals are found to be associated with glycosomes in protozoan parasites and other closely related organisms [28] , but a possible similarity between these two microbodies in defence mechanisms against oxygen toxicity has not yet been explored. Thirdly, leishmanial SOD has been postulated to be a possible chemotherapeutic target [5] . Therefore proper knowledge of the subcellular distribution and the topogenic signal for the organellar internalizaAbbreviation used: SOD, superoxide dismutase. * To whom correspondence should be addressed. tion of this enzyme may give a lead towards a possible therapeutic approach to the control of leishmaniasis.
To our knowledge, this is the first report to establish the Figure 4 Subcellular distribution of glucose-6-phosphate dehydrogenase Activity was measured in each fraction unloaded after sucrose density gradient centrifugation.
Other particulars are same as described for Figure 3 .
glycosomal occurrence of SOD in Leishmania spp. Moreover, SOD in this pathogen is known to contain Fe as a cofactor [5] , whereas glycosomal SOD was found to be of the Cu/Zn type, as shown by cyanide inhibition [29] . SOD activity in the glycosomal fraction (fraction 2 of Figure 1 ) was inhibited by 0.3 mM NaCN up to a maximum of 61 + 9°h (n = 4). Complete inhibition of this enzyme was observed when 1 mM NaCN was used. Thus the SOD activity present in the glycosomal fraction is of the Cu/Zn type. This finding was further confirmed by the observation that chloroform/ethanol (3:5, v/v; in a 0.5 ml sample), which inactivates both Mn-and Fe-SOD but not the Cu/Zn enzyme, [30] , was unable to alter basal SOD activity in glycosomes. Possible contamination of glycosomes by other subcellular organelles was investigated by assaying marker enzymes. Figures  2, 3 and 4 show that the activities of lysosomal acid phosphatase, mitochondrial ATPase and cytosolic glucose-6-phosphate dehydrogenase were very low in the first four fractions. Moreover, the possibility of mitochondrial SOD contamination of glycosomal fractions may be ruled out, as this particular organellebound enzyme generally contains Mn as cofactor [31] . Lysosomal contamination, on the other hand, must be considered because Cu/Zn-SOD is usually present in this organelle [32] . When calculated on the basis of acid phosphatase activities in fractions 2 and 5, we have observed that lysosomal Cu/Zn-SOD activity in the glycosomal fraction contributes up to a maximum of 20 0 0 of total SOD activity. The percentage recovery of enzymic activities ranged between 87 and 105 00.
The SOD activity in each fraction unloaded after sucrose density gradient centrifugation was assayed with or without 1 mM cyanide. Enzyme activity was totally inhibited by 1 mM NaCN in fractions 1-3, whereas in fractions 4 and 5 the percentage inhibition was 92.4 + 2.8 and 38.6 + 1.600 respectively (means + S.D.). However, 1 mM cyanide did not inhibit significantly SOD activity in fractions 6-10. This shows that Cu/Zn-SOD activity was predominant in the glycosomal fractions separated through the sucrose density gradient as described. During the inhibition studies, equal amounts of NaCN as used for assaying the enzyme were added to the control mixture, to take account of any effect of this inhibitor on the assay system.
The aim of the present work was to investigate glycosomal function in cellular metabolism in Leishmania spp. The presence of the predominant cytosolic Fe-SOD activity probably did not allow earlier investigators to detect Cu/Zu-SOD oflower activity, unless the glycosomes were separated from the other organelles. It will be of interest to establish whether this newly detected glycosomal SOD plays an active role in the survival of this pathogen. If so, this would open up the possibility of antileishmanial drug design targeting this unique subcellular organelle, the glycosome.
